Glycosaminoglycans have previously been identified in extracts of AA type hepatic amyloid fibril from a patient with amyloidosis associated with juvenile rheumatoid arthritis.
Protein AA type amyloid fibrils were prepared from the liver of a 12 year old patient with amyloidosis associated with juvenile rheumatoid arthritis by the water extraction method of Pras et al' with a small modification, as previously described.'2 13 The aqueous amyloid fibril supernatants were either lyophilised directly or the amyloid fibrils were precipitated with 0 3 M sodium chloride.7 As the fibril proteins are kept intact during the water extraction procedure when protease inhibitors are not used, proteoglycans, if present, should also remain intact. Protease inhibitors were therefore not added until after the extraction of the amyloid fibril material from the tissue.
Normal liver tissue was subjected to the same extraction procedure.
GEL FILTRATION
The following columns, gels, and eluents were used: a 1 Ox40 cm Sephadex G-50 column with 0-5 M ammonium bicarbonate buffer pH 7-5; a 1 5 x 100 cm Sephadex G-100 column with 0 05 M sodium acetate buffer pH 6-0, containing 6 M urea and 0-1 M sodium chloride; a 09x99 cm Sepharose CL-2B column with 0-05 M sodium acetate buffer pH 6-0, containing 6 M urea and 0 I M sodium chloride; a 0 8x 105 cm Sepharose CL-4B with 10 mM trometamol HC1 buffer pH 6-0 containing 6 M urea; and a 09x96 cm Sepharose CL-6B with 10 mM trometamol HC1 buffer pH 6-0, containing 6 Sepharose CL-6B. Identification of polysaccharides containing N-sulphated glucosamine residues, heparin/heparan sulphate, was subsequently done by chemically specific depolymerisation using a low pH, nitrous acid treatment. 5 This sample was then chromatographed on Sephadex G-50, the elution profile being determined by the carbazole reaction and compared with that of untreated material.
Results

AMYLOID FIBRIL PREPARATION
The amyloid laden liver was heavily infiltrated with material showing typical yellow green birefringence by polarisation microscopy after Congo red staining. The normal control organ was negative in this respect. The yield of lyophilised water extractable material from amyloid laden liver was 75 mg/g wet weight, which was eight times more than that obtained from the normal liver. The protein AA nature of the amyloidotic liver from this patient has previously been verified by amino acid sequencing of the fibril protein subunit prepared by the same procedures as those described here.'2 GEL FILTRATION Figure 1 shows the elution profiles of hepatic amyloid fibril and corresponding normal liver extracts on a Sephadex G-100 column. Two major protein components were obtained from the amyloid material, the Vo material and protein AA eluting in a retarded peak (fig la) . In contrast, the normal tissue preparation eluted in only one protein peak, corresponding to the void volume (fig lb) . The most retarded peak represents salts, which give a positive optical density at 280 nm. All of the carbazole reactive polysaccharides of both the amyloid fibrils and the normal tissue extracts eluted corresponding to the Vo peak.
The 2) were rechromatographed on DEAE-Sephacel. Figure  3 shows the carbazole reactivity. No retained carbazole positive material from the normal extract was detected with the conditions used. In contrast, the amyloid associated polysaccharides eluted in one major peak at 056 M NaCl. No material from the corresponding normal hepatic preparation bound the DEAE-Sephacel gel. values (0-19), strongly indicating that the polysaccharides' present in the amyloid fibril extract were not part of intact proteoglycans. The material obtained by ion exchange chromatography (major peak, fig 4) was also subjected to treatment with chondroitinase ABC and subsequently chromatographed on the Sepharose CL-6B column. The elution profile (fig 6c) shows that about 60% of total carbazole material was depolymerised by this treatment. Galactosamines, chondroitin sulphate or dermatan sulphate, therefore account for about 600% of the total carbohydrate moiety in the hepatic AA amyloid extracts. Forty per cent of the material eluting in the major polysaccharide peak shown in fig 4 was thus not susceptible to chondroitinase ABC. The material was specifically depolymerised to oligosaccharide subunits after treatment with nitrous acid, however, as shown by subsequent gel filtration on Sephadex G-50 (not shown). This showed that the material consisted of N-sulphated glucosamine residues (heparin/heparan sulphate).
Discussion
The composition of amyloid has been a matter of dispute for more than a century.'9 The term amyloid was created by Virchow in 1854 because its metachromatic property resembled that of starch, but was later for many years regarded as a misnomer because amyloid was thought to be of protein nature.20 The correct answer to this old question seems to be that the amyloid deposits comprise both protein and carbohydrate, and there is convincing evidence that both moieties are laid down simultaneously in the tissues.2'
In our previous report we showed that glycosaminoglycans in the form of dermatan sulphate, chondroitin sulphate, and heparin/ heparan sulphate were present in pronase digested water extracts of hepatic AA fibrils in the order of 15 ig/mg lyophilised fibril material. 12 We assumed that glycosaminoglycans were specifically associated with amyloid as the preparative procedure should have prevented the presence of non-associated polysaccharides in the extracts.
When amyloid fibril extracts are solubilised and subjected to gel filtration under dissociation conditions the amyloid protein is eluted as a retarded peak.6 7 
